Abstract: Utilization of Laboratory
Occupational health in Japan is facing new problems associated with the aging of the working population and the increasing numbers of workers with stress-associated and/or lifestyle-related diseases. To address such problems, the Ministry of Labor has enforced several new more comprehensive programs. Among these, Total Health Promotion plan was implemented in 1988. The program includes oral health promotion at the workplace, to enhance periodontal care.
Periodontal tissue, which is composed of gingiva, periodontal ligament, cementum and alveolar bone, supports the dentition. Destruction of periodontal tissue, especially loss of periodontal attachment and alveolar bone, leads to tooth loss. A series of tooth loss events may result in serious disability in fundamental oral functions such as mastication and pronunciation. Periodontal disease is called 'silent disease', since subjective symptoms are mild during development of the disease until tooth loss is evident. Furthermore, a recent report indicates periodontal disease as a risk factor in systemic diseases including bacteremia, infective endocarditis, cardiovascular disease and atherosclerosis, prosthetic device infection, diabetes mellitus, respiratory diseases, and adverse pregnancy outcomes 1) . Therefore, early detection of the disease is important to prevent not only loss of oral functions but also life-threatening systemic diseases.
Recently, the WHO Community Periodontal Index (CPI) 2) was introduced in the field of occupational oral health care. This method is concise and easy to implement to identify periodontal disease.
Periodontal health promotion is also important in the workplace, because periodontal destruction may occur due to multifactorial reasons including microbial challenge and host response. Knowledge of the microbial challenge and the host response in their own periodontal tissue may be useful information for workers. Analysis of the constituents of subgingival plaque and gingival crevicular fluid (GCF) may yield information on the microbial challenge and host response.
A diagnostic test for peptidase of periodontopathic bacteria (PPB) which is produced by Treponema denticola, Porphyromonas gingivalis and Bacteroides forsythus is available 3, 4) . GCF includes molecules which are derived from serum and locally produced factors of host origin [5] [6] [7] . Acute inflammatory response of the periodontal tissue to the microbial challenge has often been studied with cellular and serum-associated mediators: Transferrin (TF), α 1 -antitrypsin (AT) and albumin (ALB) are serum-derived proteins found in the gingival exude. Lysozyme (LYS) is an extracellular lysosomal enzyme which could identify the presence of neutrophils. Myeloperoxidase (MPO), neutrophil elastase (NE) and lactoferrin (LF) derive from different effector systems of the acute inflammatory response 6) . Breakdown products of connective tissue such as fibronectin (FN) could be markers of tissue destruction. Correlation between the GCF constituents and some aspects of periodontal disease has been well demonstrated and a small number of possible predictors for future periodontal destruction have been reported 7) . Biochemical analyses of blood and urine are widespread in the occupational health care system in Japan. Many facilities are now capable of such analyses, and these resources could also be made available for the analysis of gingival crevicular samples in an occupational oral health care system. The gingival crevicular sample is easy to collect and may offer important information on periodontal health. The aims of this pilot study were to examine whether the crevicular samples obtained from workers could be tested in bulk at a laboratory, and whether the biological markers in the samples could provide information in addition to that provided by conventional screening methods.
Subjects and Methods
The participants in this study were 72 male and 24 female employees aged 20-58 working for a company in Japan. All participants were office personnel. Permission for the study was obtained from the company's management. Gingival crevicular samples were collected during the periodic general and oral health check-ups. Informed consent was obtained prior to data collection. The oral examinations and sample collections were performed in the company's conference room with a portable dental chair and adequate light source. Three dentists experienced in performing the examinations were advised before performing the examinations on the subjects of the study. Periodontal health was assessed with the CPI system 2) and the conventional classification of periodontal disease (STG): healthy, gingivitis, and mild, moderate and advanced periodontitis.
Following the assessment of periodontal health, gingival crevicular samples were collected at two sites per subject: the mesio-palatal crevice of the right maxillary first molar and the site with the highest CPI score were selected for the sample collection. After supragingival plaque in the selected sites was removed with a cotton ball, three sterile paper points (Johnson and Johnson, Tokyo, Japan) were placed into the crevice and were left for 30 s to collect GCF and subgingival plaque. The paper points were stored at 20° in a sampling tube and then delivered to a laboratory for the assay of proteins and enzymes.
Elution of the constituents from the paper points was performed by gentle agitation of the samples in 400 µl of 0.02 M Tris-HCl buffer (pH 7.5) for 30 min at the laboratory. The samples were diluted and then assayed for the total amount of protein, for hemoglobin (HB), ALB, TF, AT, MPO, LYS, FN, NE and LF, and total activity of enzymes for PPB during 30 s of sample collection. The assay was performed for HB, ALB, TF, AT, MPO, LYS, FN, NE and LF by sandwich enzyme linked immunosorbant assays (ELISA) 8, 9) . Anti-human polyclonal antibodies of the HB, ALB, TF, MPO, AT and LYS (Dakopatts, Glostrup, Denmark), and FN and NE (Serotec, Oxford, England) were used in the wells of 96-well microplates. Assay of the LF was completed with a commercially available kit (Shionogi & Co., Ltd., Osaka, Japan). These analyses were performed according to the manufacturer's recommended protocols. PPB was determined with reagents in a commercially available kit (Periocheck, Sunstar Inc., Osaka, Japan) 4) . Three periodontal health parameters were used for the site-based analyses; an individual code of the CPI system (CPI-I) 1) , the CPI code at the sampling site (CPI-S) and the five categories of the STG which were coded 1 to 5 for statistical analyses. The Spearman signed rank test was employed to assess relationships between two variables. Ten parameters for laboratory testing, age and the periodontal variables were entered into factor analysis for the principal component with varimax rotation using a correlation matrix 10) . Common factors were analyzed in each significant principal component. These analyses were performed with the statistical package of social sciences (SPSS, SPSS Inc., Chicago, IL). Statistical significance was set at the 5% level.
Results
A total of 182 samples were obtained from 96 subjects. Only one sample was obtained from 10 subjects because the sampling site in the maxillary first molar prove to be the site with the highest CPI score for those subjects. Table 1 shows the distribution of the CPI score for the sampling site. About 70% of the sites had a pocket depth of less than 3 mm and 25% had pockets 4 or 5 mm deep. Pockets more than 6 mm deep were found at only at 11 sites (6%).
Distributions of the variables of the laboratory tests Table 2 . Conventionally used periodontal variables (STG, CPI-I and CPI-S) closely correlated with each other (r=0.663-0.745). Variables in laboratory tests also correlated significantly with each other except for PPB (r=0.271-0.947). Significant correlations were found between the periodontal variables and most of the laboratory tests, but correlation factors were low (less then 0.4). The CPI-S score showed significant correlation with all laboratory testing parameters.
Factor analysis was performed after confirmation of the size of communality and loadings. The first 6 principal components with varimax rotation are shown in Table 3 . In the principal component analysis, variances of the first 5 components exceeded one, indicating that the components each had a significant influence on the total variance obtained from 14 variables. The components explained 83% of the total variance. In each component, factor loading with an absolute value of more than 0.6 reflects the significance of the component. Factors which significantly reflected component 1 were TF, ALB, NE, AT and HB, in that order from highest to lowest. All were laboratory tests. Significant variables for component 2 were also laboratory tests: LYS, MPO and LF. Periodontal variables such as the CPI-I, STG and CPI-S were significant in the third component. Age and PPB were the only significant variables in components 4 and 5, respectively. FN was significant in component 6, but the variance of the component was less than one.
Discussion
The first aim of this study was to clarify whether the gingival crevicular samples obtained from workers could be tested in bulk at a laboratory. Significant relationships between CPI-S and all biological markers may indicate the validity of the test. Periodontal sites with severe destruction (CPI-S=4) had the highest value for each biological marker, but correlation coefficients between periodontal variables and biological markers were low and great variation in biological markers was observed even at the most affected site (CPI=4). These findings may be partially explained by individual diversity of microbial challenge and the host response. The factor analysis summarizes many variables by using a few principal components 10) . Interestingly, among the biological variables, markers of the pathogenic microorganisms (PPB) showed little association with most of the markers of host response. This finding also suggests diversity of host response to the microbial challenge in periodontal tissue. Immunological variables derived from B-cells or T-cells, which were not included in the present study because of economic considerations, might provide more definite information.
We obtained 5 significant components from 14 factors in the study population. Clarification of the components can be described as follows: The first principal component, which is usually considered to be a general factor in the principal component analysis, was significantly influenced by HB, ALB, TF, AT and NE. ALB, TF and AT are factors primarily derived from serum 6) and HB is derived from gingival bleeding. Therefore, the first component may represent serum exudate and bleeding. The second component was significantly correlated with LF, MPO and LYS. Because the origin of these factors was neutrophils 5) , the component may indicate the presence of an acute inflammatory response. Neutrophil elastase is an indicator of the existence of neutrophils, but this variable was grouped with the first component rather than the second. Neutrophil elastase in GCF was studied as to enzymatic activity in relation to its inhibitors 11) . As the total amount of neutrophil elastase increased with the volume of GCF, NE shifted the first component. The factors LF, MPO and LYS which were extracted in the second component may offer more definite information on neutrophils than NE.
Indices of periodontal parameters such as STG, CPI-I and CPI-S were significantly correlated with the third component, indicating that the component may represent the periodontal status. Only the variables of age or PPB were extracted as significant factors in the fourth and fifth component, respectively. The fifth component may represent periodontal pathogens, because activity of PPB was determined with a unique substrate which could identify major pathogenic microorganisms 3, 4) , but in the bivariate analysis, correlation of the PPB and other variables was weak, so that the variables may be considered as an independent variables among the factors in the multivariate analysis. FN was also a single variable of significance in the sixth component. Since fibronectin is one of the breakdown products of connective tissue 5) , this component may represent tissue destruction, but because variance of the component did not reach a significant level, the contribution of the component as a marker for the tissue destruction component may be weak.
The second objective of this study was to examine whether the biological markers could provide information in addition to the conventional clinical observations. In the present study, five significant principal components were extracted from 14 variables and the components were reasonably explained from the standpoint of the biological properties of the significant variables. In the principal component analysis, the factor scores for each component can be enumerated for each subject and used as an input variable in further studies 10) . These scores may therefore represent various aspects of the periodontal health of the site; for example, the first component as a representation of serum exudate and bleeding, and the second of acute inflammatory cells. A longitudinal study with the factor scores might be useful to monitor changes in host response to the microbial challenge among subjects in their workplace.
We selected the gingival site at the mesial approximal crevice of the first molar in the maxilla as a sampling site to monitor changes in microbial challenge and host response. This site is accessible in the limited environment of periodical oral examinations at the workplace. Furthermore, the site shows little exposure to saliva, which could disturb measurements of the crevicular sample 12) . The first molar may have a significant impact on health consciousness of workers because of the importance of the tooth for the subject. Since the early detection of periodontal disease may be of interest to workers, the effects of the sampling strategy should be considered for further investigations.
The impact of psychological stress on the immune system has been reported 13) . Psychological factors in the workplace may alter the functions of host response to periodontal microbial challenge. Recently, relationships between psychological factors and periodontal disease have been indicated 14, 15) . Laboratory tests involving various aspects of microbial challenge and host response might provide useful information on risks for progressive periodontal disease 16) . Although the variables of laboratory testing of the GCF and subgingival plaque were limited, the findings of the present pilot study suggest that further study is required to clarify the utility of laboratory testing by using 'various' biological markers in the strategy for occupational periodontal care. Establishment of the utility of laboratory testing could provide the basis for consideration of the cost-benefit of this new strategy.
